Farmers' vigilance is essential for the detection of epidemics, including potential emerging diseases, in marine shellfish. A field study was conducted to investigate oyster farmers' reporting practices and behaviour, and to identify factors influencing the reporting process of oyster mortality, with the ultimate aim of improving early detection of unexplained oyster mortality outbreaks.
Improving early detection of exotic or emergent oyster diseases in
In France, the current surveillance system for marine mollusc health is mainly based on the A few studies have investigated the reasons for farmer under-reporting diseases in livestock A c c e p t e d M a n u s c r i p t 8 120
Material and methods

121
Study design and population
122
The study was designed as a retrospective case-control study of oyster farmers from
123
Charente-Maritime (France) , using the oyster farmer as the epidemiological unit. Charente-
124
Maritime is the main production region of Pacific oysters, Crassostrea gigas, in France, home 125 to one third of all French oyster farms (Agreste, 2005) . In particular, this is the main area of Control farmers were randomly selected (by lottery using computer generated pseudo-random Only the oyster farmers farming the oyster species C. gigas, who were active at the time of 141 the study and having a farm located in Charente-Maritime were considered in this study.
142
Other shellfish farmers and oyster farmers located in other regions with leasing grounds in
143
Charente-Maritime were excluded.
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Sample size
146
A sample size of 36 cases and 108 controls was calculated to provide a 95% level of 147 confidence for detecting an odds ratio of 3 with 80% statistical power, assuming a 1:3 ratio of 148 case to control farmers and a random notification process, i.e. a 50% probability of reporting 149 observed oyster mortality. Sample size was increased by 15% to account for non-participation 
Data collection
155
Each selected farmer was sent a personally addressed letter to explain the survey objective 156 and to tell them that they would receive a telephone call. An appointment was made during 157 the telephone call to collect data. The farmer was informed about the data collection 158 procedure, which would be based on a personal face-to-face interview that would take about 159 45 minutes to complete. The farmers who refused to take part were asked the reason why and
160
were compared with those farmers who agreed to participate.
161
These interviews were based on a standardized questionnaire ( weighted by the inverse of the probability of it being observed (Ciol et al., 2006).
247
As sampling rates were not small enough to ignore, a finite population correction factor was 248 included in the analysis to provide valid variance estimates.
250
The dataset was suitably restructured to allow the fitting of two separate binary logistic 251 regressions, from which estimates of the continuation-ratio model were derived (Armstrong 252 and Sloan, 1989). A similar variable selection method was applied in both models.
253
In an initial screening step, univariate ordinal logistic regression analyses were carried out reporting, 40 formerly-reporting and to 49 reporting farmers.
297
The characteristics of the 116 oyster farmers interviewed are summarized in Table 2 . Most of 298 these farmers were male and older than 40. The farms included in the samples were mostly 
Description of an oyster mortality event according to the farmers
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Most farmers described a mortality event by qualitative criteria involving different senses,
307
such as nauseating odour, observation of empty shells or a specific noise when manipulating 308 the oyster bags (Table 2) .
310
Counting dead oysters to estimate a mortality rate was a common practice and a threshold 311 value was often given to distinguish an "abnormal" mortality event from a usual one,
312
although this varied greatly from one farmer to another. farmers.
318
The reporting process of an oyster mortality event was divided into two steps for 70% of 319 control farmers: they first report the event and then they formally notify it. They were 59% to 320 report to their colleagues, 35% to the Departmental direction for territories and sea and 21%
321
to the local farmer's representatives. Other structures such as Ifremer, collective farmers' 322 society, technical institutes or accountants were also cited, but by less than 5% of interviewed 323 farmers. Farmers mainly report in person (70%), by phone (32%), or by fax (7%).
324
Notification procedures were fairly well-known by the reporters. They were 60% (47/80) to impractical data transfer (10%), and lack of guidance for filling in the notification sheet (6%). the variables in either of the final models.
405
The individual effects of the risk factors are illustrated in Figure 1 , where the predicted M a n u s c r i p t 20 probabilities are shown stratified by the levels of the risk factors
407
The overall goodness-of-fit statistic suggested that the overall model fitted the observed data 408 well. When farmers were allocated to expected reporting behaviour categories according to 409 predicted probability, the overall correct classification probability of the model was 64%
410
(74/115), with 48% of non-reporting, 75% of formerly-reporting and 65% of reporting 411 farmers correctly predicted (Table 5) .
412
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Discussion
413
To our knowledge, this study is the first to provide insights about oyster farmers' reporting 414 practices and behaviour towards oyster mortality events, and the influencing factors. 
451
reporting farmers, and inside the reporting category, whether reporters had stopped reporting.
452
However, the reporting behaviour categories were not considered to be equidistant, being a 453 former reporter is considered more similar to being a current reporter than a non-reporter.
454
Thus, an unconstrained continuation-ratio model was built, consisting in simultaneously
455
fitting two separate models (Armstrong and Sloan, 1989) , to allow the possibility of 456 transition-dependent explanatory variables (Allison, 2012 driving a farmer's decision to report oyster mortality, pertaining to both of these two main 500 groups.
502
Detection is the limiting factor more often than access to reporting channels, and is commonly 503 the result of insufficient awareness of a disease or of its threats (World Bank, 2010). In the 504 present study, the lack of awareness about mortality reporting was highlighted and this was 505 suspected to occur more frequently than the inability to detect oyster mortality or to access the 506 reporting channels, as all the non-reporters had observed oyster mortality at least once during 507 the study period and complexity of reporting procedures was only mentioned by 22% of the 
520
The model relating the probability of a non-reporting behaviour showed that the farmers 521 producing exclusively diploid oysters were seven times more likely to under-report observed 522 mortality than those producing triploid oysters. Production type highly influences husbandry 1990s, hatcheries also sell oyster spat, which is either diploid or triploid, to oyster farmers 528 throughout the year (Gérard, 1994) . Purchasing oysters may lead farmers to watch their 529 shellfish more closely, which increases the probability of mortality detection and, thus,
530
reporting. Effectively, although farmers raising triploid oysters did not differ farmers 531 producing only diploid oysters as regards their own characteristics nor the general items of 532 their farms, they had a tendency to visit their leasing grounds more often (p=0.08). They were 533 also more likely to count dead oysters (p=0.02).
534
The probability of a farmer under-reporting oyster mortality was higher in farms having less 
543
The farmers with a production cycle located both in Charente-Maritime and other departments 544 were six times more likely to under-report observed oyster mortality than the ones with a 545 local production cycle. This may also indicate that splitting farming activities between 546 different locations reduces time for observation of oysters located in Charente-Maritime,
547
decreasing the probability of mortality detection by the farmer and, thus, reporting.
549
Unwillingness to report is usually related to the existence of disincentives, such as bad 
552
In the present study, none of these were stated by the interviewed farmers, as, currently, 553 mortality notification does not lead to truly penalizing consequences for oyster farmers.
554
However, farmers who had never received financial compensation for oyster mortality before were in place, some of the interviewed farmers had stopped reporting since 2010.
562
In fact, awareness and willingness to report should not be considered static. In the case of 
568
The model relating the conditional probability of a formerly-reporting behaviour, given that 569 the farmer had already reported oyster mortality, has shown that the farmers with a small 570 proportion of leasing grounds that are easily accessible (i.e. even at neap tide) were four times 571 more likely to stop reporting oyster mortality. This may indicate lassitude as regards the effort 572 needed to regularly monitor their oysters in relation to the perceived benefit. Indeed, the 573 probability for a farmer to stop reporting oyster mortality was higher when the farmers 574 thought that the amount of financial compensation was insufficient, and if they did not feel 575 involved by the reporting system. These supported the hypothesis that formerly-reporting 576 farmers were unaware of the legal framework of shellfish disease surveillance and that they 577 misunderstood the aims of the reporting system, confounding them with the financial 578 compensation system.
579
The farmers who had first notified authorities of oyster mortality in 2008 were eight times 580 more likely to stop reporting oyster mortality than the others. This may illustrate a lack of 581 awareness of the legal framework of the disease surveillance, formerly-reporting farmers reporting oyster mortality, as half of the reporters waited the end of the summer to report.
606
These results suggest that financial incentive is not sufficient to achieve the aim of early 607 detection of disease, notably because it does not account for the need of a timely reporting.
608
These also suggest that, to ensure sustainable compliance of oyster farmers with reporting 609 duties, their concerns about non-economic values should also be considered. In particular,
610
oyster mortality reporting could be improved by changing these attitudes through farmer A c c e p t e d M a n u s c r i p t M a n u s c r i p t 
